Environmental Conditions Leading to Smog Build-up
Stagguring m !ounts of* pollution. Natural disaisturs such As firust do. Figure 2 shows that Iounvcr sits At tliu bottomn of A targc frus. duist sitorm s And vi itcan i( cru ptionis oftun rusult in l argo. basin. firming All iduat I koltu t ing trap fo r tlic in~duIstria and allAtnounts itf tirboriC con"tam"'inants. ti imi t i vi pollutants in thItat arca.
In tccnt hi siory t hur has buun A SUccuCSsIOn Of Air pu I)OIt 'ti()lTcrm at in vu-rsitn cionditio ns ofti.n pri i-IC .1 cciing th at bars, Figure 1 . The number of excess deaths closely followed the Figure 2 . Denver sits in the bottom of bowl-like basin that changes in SO, during December, 1952, in London. Engforms an ideal trap to contain the air pollution generated in land. After McCafferty, (13) . this area. Reprinted by permission (8).
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L.67 Figure 4 demonstrates the results of oine that hias been extensivlyl studied. The sources of nitrogen Increased COI-Ib concrntr tions in the bloodh. The vertical Axis dioxide arc hiighi temperature combustion pro.csscs. xithi motor shiows the pe-rkcnt saturaition of the bloodl by oxygen. Phe hunrveiiIc l ausr accounting for aibout 40 pe-rcnt Of the total emiszontal axis shows lie pairtial pressure of oxygen in the blodk. In stuns (I A ihI erc have been limited studies concriting i~rgi blood with incased levels of C OWb the oxygen dissociation diiixide's Cftc tS on submaximal perfurmanc. and thecre hIave ieen urveC Is sifted to theic lft. 1 hi is an indication of the iie-migli)-nil studies addressing thle effects of NO. ',n maximal exert ise. bin's elevated affinity for oxygen, which makes tissue oxygen exTIie studies O~f submaximl exert ise haive shiown nitrogen dioxide trActiOi1 more difficult. This means that increased levels of carboxn to be a mild upper respiratoiry traict Irritant. but no signific ant cfmionoxidhe in tl h luxxh compromise bo~th the transp~ort of oxYgen fcts on pulmon irs funton Iiave hxcc t' found ( i 1. in the bloIod, and the extraction of oxygen to the tissues.
Thec inhialing of pairticulaites fromn sooit, cigarette smoke or dust The immediate impac of rhis, on exercise prf~rormance is thiat can serve AS rcspiratorv tract Irritaints c iusing bronc ioonstrit lion ais the concentration of COT-l in the blood increases, there I s.I ( 19). The effiects of tlict: irritaints on cxerkisc hiave not been studdcrement In MAXIMUM iOxVgen cilnsimptiiin ( Figure 5 ). In 19-5
iech to anm extent in humans. P irti(c s of difterent sizes exert thif ilorvath) ct a]. (9 noted] a concentration threshold it I.; percent.
Impact at diffe~rent lot ,tions ;n tlic respiratorN traict. Tc larger belIowA wtic Ii thecre were no dekcrments in maximum oxL~gen tonparti(cs are-filtered out h\ the nose and mucous of the uppcl ressurptin.piratov tract. The smallest partics find thecir way clown to the OthCer effects of increased levels of carboxvhiemoglobiti ares de Alveoli, whecre their action occurs. The body defends itself against tecases In peak V, ducring maxim,!i exercise (_,o), cccreases in) partic ulate po~llutants l\ chianging tlic depith And pattern of maximal exercise time (.15i), dec rCaSeS in c-xcriisc time before breathing, and bY inc asec mucotiliji transport (9. 19)). thec onset of angina (2) (13) .
40-
late that the maximum concentration of pcroxyacryl nitrate used Ozone is a potent airway irritant that can cause reflex bronthiomay have been below the threshold at which physiologically constriction at high concentrations. Studies of submaximal exermeaningful changes may have (c urred. cisc with exposure to ozone show that the problems encountered Aerosols arc formed by the interaction of various acids and are more associated with discomfort in breathing than in the salts. The most commoniy studied aerosols are ammonium sulphysiological impairment of the exercise process. It a,1iears that fate. ammonium bisulfate and ammornum nitrate. These comthere is no decrement in submaximal exercise performance associpounds are eye and upper respiratory tract irritants 'Whilc they ated with ozone exposure (14) may cause discomfort during either submaximal or maximal cxcrWith respect to the efcetts of oz+onr in maximal cri sv.. very , 41'' o1, ro)r not r to l . o-,,iv,Iv linked to exercise perfew studies have been completed. Savin and Adams (r) found no formantc decrements (9). change in exercise capacity or cycling VO 2 max, associatcd with In summary, onl' carbon monoxide shows I clear dccremcntal ozone concentrations, Horvath ct al. (10) exposed subjects to difeffct on maximal exercise performance. Other compounds (i e. fecrent concentrations of ozone. They found no significant changes ozone. SO,, NO 2 and pcroxva~crl nitrate) cause irritation of the in treadmill "vO, max, HR max or maximum performance time eyes and respiratory tract, but there is little or no evidence that associated with different ozone concentrations. The cvidence rethey cause decrements in either maximal or submaximal exercise garding ozone is so limited that it is difficult to draw -onclusions, perfirmance. There has been a genuine lack of studies dealing The primary source of atmospheric pcroxyacctyl nitrate is autowith pollutant effects on exercise capacity and performance, cspemobile exhaust. This compound is a potent eye and nose irritant tiallv those that have adequate sample sizes to detect small and is often responsible for the burning eye sensation that attomchangcs in performance. While it is not clear that some pollupanics exposure to smog. Again, there are limited studies availtants have significant effects on performance, it makes sense to able concerning either submaximal or maximal exercise. The treat these compounds as potential problems rather than ignore studies that have been complcted cite blurred vision, eye irritation them until it is too late. and eye fatigue as prominent symptoms of exposure (o). None of the studies has demonstrated car cvidencc of respiratory, metaNlic. or thermorcgulatorv distress with peroxyacetyl nitrate expo-
Training in Smoggy Conditions
sure during submaximal exercise (14). Studies by Raven et al.
The key issues to consider in order to minimize the impact of smnog 1on exercise training can be summed up in four %%ords: timing, location, intensity and duration. terSC-crion to avoid the higher conccentration of pollutants that occur in that AN D.n'ri't be obsessed by trying to avoid even last hit of pollution, just use your common sense. Also. be aware that 0 air pollution (an o our in 1n itr sett,ngs as well. A lassic exam-0 pi' of this is a case in which a group of young ice hockey players suffered CO intoxication At An indoor rink. The source of the C0 was a gasoline Nowered ice resurfacng machine (1I. 
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Intensity and Duration
The toncept of c-ff.tlVC dose is important to understanding the TIME effect of intensity on exercisc performantc in smog. The ctecttivc dose is the pnoduct of the contntration of the px)llutant. the vol.
unic of air breathed per minute (which is a refection of exertise Fn kman intensity) and the duration of the exCrisC ( 12) . While all three of monoxide, nicotine and particulates, all ot \hi i hac dctrimcncil these faktors affect the pollutant dose during a workout, only the cffccts on health and performantc ( I ,). duration and intensity (ventilation volume) can Ke controlled by Sctondl\. arrive at the site of the event carly. This is mot imthe athlete.
-irt ant in sports with high mctak li demands. Thi' is to allow the maximum time to rid oneself of carbon monoxide pi ked up while traveling. The time needed to wash 50 pericnt of the (() from the blood ranges fi-om three to four hours ( 13) . NO,, SO,, ozone, peroxyakct.l nitrate, e.), were not able to deminutes. It is easy to scc how exercise intensity affects the magnitcct the small performance dccrcments that may havc been caused tudc of a pollutant dose.
by those agents. Athletes can effectively alter the "intensity" of their workouts by reducing their running speed or by dropping the number of Guidelines for Training in Polluted Conditions repetitions and sets in their weight workouts. ise the smoggy days for technique workouts, rather than the intensive body build-(1) Minimize the impact of air pollution on training b curling ing workouts that would demand high ventilation rates. Weight the intensity and duration of workouts. This can be done by: workouts with high loads (1 RM), low repetitions -and long rest periods between sets also would be appropriate for smoggy day Reducing the exercise rate (running, cycling or rowing cadcncc. training.
It also is important to limit the duration of exposure to the Dropping the number of reps and sets in weight workouts. polluted air. By cutting back on the overall length of exposure and limiting the intensity of the exercise, the effective dose of pol-(2) Use these times for technique-oriented workuts. lurants can be minimized.
ii) Avoid weight workouts (high rctition, moderate weight. low intcrsct rest) or other workouts (intervals. race paCe or ieorCompeting in Smoggy Conditions pace work) that would demand high ventilation rates.
Important international, intercollegiate or interscholastic. Strategies for Competing in Polluted Conditions competitions typically are held in or near large cities. Five of the last seven summer Olympic Games were held in cities with histo-(1) Avoid exposure to pollutants while tiaveling to the cvcnt ties of high levels of air pollution. Unfortunately, athletes cannot site. control the atmospheric conditions in which they compete. They are stuck with the conditions at hand.
(2). Arrive at the site carly to allow the athlete's bod\ to rid itself For some sports, the physiological decrements caused by smog of as much CO .s possible. exposure may not be substantial. But, for those sports with high metax)lic demands, the impact of air pollution can be significant. i
5) Minimize pre-cvent cxcrcise (including warm-up activity) to
At the highest levels of competition. the difference between viclimit exposurc to polluted air. tory and defeat often is a tiny fraction of the overall performance. These differences of performance are much smaller than those dis-(-) Avoid pollution sources during the event.
cernible in most of the air pollution studies conducted to dare. Unfortunately. the sample sizes needed to detect such small changes in performance are far larger than those found in current studies. Studies of a more epidemiological nature are needed to more fully assess the impact of smog on exercise prformanccReferences particularly high-level athletic perfrmance. Effect of a low-levl carbon monoxide cxposur thing to avoid is riding with someone smoking cigars or cigaon onset and duration of angina pcctoris a study in ten patients with rettes in the car. Secondary cigarette smoke is loaded with carbon isklcmi heart disease. Ann. Intern. Med. -9. ,.50.
Journal of Applied Sport Science Reseaich Volume 2, Number 4 -0
